Formation of new blood vessels is paramount for tumour growth and metastatic dissemination and vascular endothelial growth factor (VEGF) is one of the key regulators of this process. The purpose of this study was to evaluate the immunohistochemical expression of VEGF in 23 splenic hemangiosarcomas and 7 splenic hemangiomas in dogs. Blood tests performed previous to splenectomy were analysed for correlation with tumour VEGF expression. Results showed significantly higher VEGF expression in hemangiosarcomas than hemangiomas and lower hematocrit values and red cell count in dogs affected with malignant neoplasia (P < 0.05). These findings suggest the presence of high VEGF levels may be related to the malignant vascular proliferation seen in hemangiosarcomas.
Introduction
Vascular endothelial growth factor (VEGF) is one of the most potent proteins involved in angiogenesis [1] . VEGF is a glycoprotein synthetized by endothelial cells, macrophages, platelets, lymphocytes, neutrophils, osteoblasts and tumoral cells [1, 2] .
VEGF promotes proliferation, growth and migration of endothelial and inflammatory cells in response to hypoxia, inflammatory mediators or neoplasia [3] [4] [5] . It also has vasodilating effects and is 50,000 times more potent than histamine as an inducer of vascular permeability [1, 5] .
Human and canine cancer studies show that plasma and/or tissue VEGF levels are significantly higher in cancer patients than in healthy subjects, suggesting an important role of this factor in angiogenesis and tumour growth [2, [5] [6] [7] [8] [9] [10] [11] [12] .
Hemangiosarcoma (HSA) and hemangioma (HA) are malignant and benign neoplasms of vascular endothelial cells that are common in dog. Canine HSA carries an unfavourable prognosis and studies with VEGF might be applied to the detection of early lesions or identification of potential targets for the development of novel therapeutic approaches [13] .
The purpose of this study was to evaluate and compare the immunohistochemical expression of vascular endothelial growth factor in splenic HA and HSA in dogs, and to correlate the results with complete blood count values obtained prior to splenectomy.
Materials and Methods
Formalin-fixed paraffin-embedded (FFPE) neoplastic tissue samples obtained from dogs presenting with splenic hemangiosarcoma or hemangioma and FFPE normal splenic tissue samples were selected for immunohistochemical analysis. Canine granulation tissue was used as a positive control for VEGF expression.
Tissue sections mounted onto salinized glass slides were deparaffinised in 2 changes of xylene (15 minutes each, in a furnace at 60˚C) and rehydrated through a series of descending grades of ethanol (100%, 95%, 70%), distilled water and PBS for 5 minutes each.
Unmasking was performed in EDTA buffer for 20 minutes in microwave oven at maximum power. Endogenous peroxidase activity was blocked with a hydrogen peroxide/methanol solution for 30 minutes at room temperature in the dark.
Following rinsing in PBS non-specific reactions were blocked with a 5% skimmed milk/distilled water solution for 15 Data concerning laboratory workup prior to splenectomy, such as hematocrit, complete cell count, serum total protein and albumin levels were extracted from the clinical records of selected patients.
Descriptive statistics was used for data analysis. Following data testing for normality the t Student test was used to compare the laboratory findings of animals affected with benign and malignant splenic neoplasia. Data homocedasticity was tested by the F-test and the t Student test presuming different variances was used when homocedasticity was not verified. The level of significance was set at 5%.
Results
The hemangiosarcoma group of dogs comprised 13 males and 10 females aged between 8 and 14 years (mean age of 10.2 years). Affected breeds were German Shepherd (n = 8), Poodle (n = 3), Labrador Retriever (n = 2), Weimaraner (n = 2), Pinscher (n = 2). Siberian Husky (n = 1), Pit Bull (n = 1), Schnauzer (n = 1), Doberman (n = 1) and mixed breed (n = 2). The hemangioma group of dogs comprised 2 males and 5 females aged between 7 and 13 years (mean age of 9.5 years). This was more common in German Shepherd dogs (n = 3). Other breeds represented were Poodle (n = 1), Rotweiller (n = 1), Doberman (n = 1) and mixed breed (n = 1).
The mean hematocrit was 38% (±5) in the hemangioma group, whereas this average was 27% (±8) in the hemangiosarcoma group. Similarly, red blood cell count mean was lower in the hemangiosarcoma group than in hemangioma group (4.1 versus 5.7 millions/mm 3 ). The mean of leucocytes and platelet count were not statistically different between groups.
Immunohistochemical analysis of splenic tissues showed that all hemangiosarcoma and hemangioma endothelial neoplastic cells expressed vascular endothelial growth factor at different levels, invariably with diffuse intracitoplasmatic immunoreactivity (Figure 1) . No consistent differences in staining intensity of neoplastic cells were observed between groups.
The percentage of positively stained cells was high, showing immunoreactivity in more than 50% of the cells of hemangiomas and hemangiosarcomas ( Table 1) .
As observed in the granulation tissue (Figure 2) , intense immunoreactivity was noted in inflammatory cells (lymphocytes, neutrophils and macrophages) present in both types of neoplasia. Staining of trabecular fibroblasts was less intense.
There was a correlation between total positively labeled cells and tumor histological type. Quantification of VEGF in hemangiosarcomas was statistically higher than in hemangiomas. This findings and laboratory values of the patients studied are displayed in Table 2 .
Discussion
Angiogenesis is known to play a critical role in inflammation, organ repair and tumour growth. During angiogenesis expression of the VEGF gene is induced in endothelial and inflammatory cells to stimulate VEGF secretion [1, 3] .
Increased VEGF expression is one of the first signs of angiogenesis in tumours and contributes for malignancy characteristics such as rapid growth and development of metastasis [1, 3] . Uchida et al. (2008) investigated VEGF and FLT-1 receptor expression and distribution in normal canine tissues and noted that the vascular smooth muscle cells of splenic vessels stained weakly for both antibodies, while the endothelium and fibroblasts did not show sings immunohistochemical staining [14] . A small number of macrophages and lymphocytes were also positive for VEGF. The authors concluded that despite the large number of blood vessels in the spleen, only a small fraction of splenic cells expressed VEGF under normal conditions.
In this study similar findings were observed, with sparse macrophage and lymphocyte staining in the splenic tissue of normal dogs submitted to immunohistochemistry for VEGF. However all hemangioma and hemangiosarcoma endothelial cells showed cytoplasmic reactivity to VEGF, as indicated by the large numbers of positively stained cells.
As observed in the granulation tissue, intense staining was documented in tumour macrophages and lymphocytes. Staining was less intense in fibroblasts. Yonemaru et al. (2006) [15] investigated VEGF in vascular tumours and documented staining in all hemangiosarcomas and hemangiomas, with higher percentage of stained cells and more intense staining in malignant than benign neoplasias. This study supports the information presented above given not only all hemangiosarcomas but also all hemangiomas expressed VEGF. The percentage of positively stained cells was significantly higher in hemangiomas than in hemangiomas (P < 0.05) although precise quantification of stained cell types was not possible. Staining intensity was not evaluated and any cell showing signs of immunohistochemical staining was considered to be positive.
Histological evaluation of the spleen often reveals accumulation of intracytoplasmic pigments, particularly in the cytoplasm of macrophages. In previous studies, colour development was performed with diaminobenzidine (DAB). This compound gives both VEGF and hemosiderin a golden-brown colour, rendering differentiation difficult [15, 16] . However, when 3-amino-9-ethylcarbazole is used in the development procedure, as in this study, differentiation from hemosiderin is unequivocal given a red colour is produced that is specific for the cytoplasm of anti-VEGF positive cells.
Sabattini and Bettini (2009) [13] investigated the presence of VEGF-C in 40 hemangiosarcoma and 29 hemangioma samples, both cutaneous and visceral. The authors documented weak expression in both tumour types and suggested that other growth factors may be involved in their development.
The different results documented here may reflect the different types of antibodies employed in immunohistochemistry between studies: while VEGF-A receptor VEGFR-2 is found in almost every endothelial cell, VGEF-C binds preferably to receptors expressed on lymphatic vessels (VEGFR-3).
Using in situ hybridisation Yonemaru et al. (2006) identified VEGF mRNA expression in neoplastic endothelial and inflammatory cells in hemangiosarcomas and concluded that these cells produce VEGF. However in hemangiomas only inflammatory cells expressed mRNA [15] .
Studies have shown that hemangiosarcomas and hemangiomas express receptors FLT-1 and FLK-1, with higher intensity in malignant neoplasias [15] . These results suggest that the expression of vascular endothelial growth factor and its receptors may be related to the malignant proliferation observed in hemangiosarcomas.
Similarly, Sabattini and Bettini (2009) observed higher VEGFR-3 expression in malignant neoplasias although no correlation was found between VEGFR-3 and cell proliferation activity [13] .
VEGF expression can also be measured in plasma or serum by ELISA. Clifford et al. (2001) compared plasma VEGF levels of 17 healthy dogs and 16 dogs affected with hemangiosarcoma and concluded that the VEGF levels were significantly higher in dogs in the neoplasia group, although this was not correlated with the stage of the disease [16] .
In a prospective study, Troy et al. (2006) evaluated 44 healthy dogs, 54 dogs affected with neoplasia and 16 dogs presenting with non-neoplastic disease and documented higher serum levels of VEGF in patients in the neoplasia group [17] .
In this study we chose to measure VEGF expression in tumour tissue over serum or plasma because we wanted to investigate VEGF expression specifically in the local tumour environment. The observation of high levels of VEGF in tumour tissue may support the indication of anti-VEGF drugs for cancer treatment.
Vascular endothelial growth factor regulation is related to the occurrence of hypoxia in necrotic tumour compartments and VEGF expression is high in tumours showing high degrees of necrosis. Hypoxia increases VEGF gene transcription rate and mRNA stability and may explain the higher expression of VEGF in neoplastic cells in the vicinity of necrotic areas. Also, low tissue oxygen levels act synergistically with factors such as tumoral necrosis factor α produced by macrophages and other inflammatory cells [4] .
In this study, hematocrit values were used to assess tissue oxygenation. Our results support the conclusions by Restucci et al. (2002) given dogs with higher VEGF expression had significantly lower hematocrit values (P < 0.05) [2] .
In dogs with hemangiosarcoma, thrombocytopenia may be related to the consumption of coagulation factors secondary to intravascular disseminated coagulation. In theory, platelet destruction would elevate circulating levels of VEGF [17] . Hence a low platelet count might reflect high VEGF concentration. In this study, although VEGF was measured in tissue and not in plasma, platelet count in patients with higher VEGF expression was not significantly decreased.
Conclusion
Based on the results of this study we conclude that tumour specimens of dogs affected with splenic neoplasia express vascular endothelial growth factor (VEGF) and that staining is more intense in splenic hemangiosarcomas than hemangiomas. Low red blood cell count and hematocrit may be associated with tumoral hypoxia and higher expression of VEGF found in malignant splenic neoplasia.
